We carry out a study of the study of the Q · Q interaction in a model space which consists of several nucleons in an open shell and all 2hω excitations.
In the 0p space, the spectrum would scale with t. In this space, the 2 There is no mixing of these 2p-2h states with the other states. For these 2p-2h states the occupancy for 0s,0p,1s-0d and 1p-of are 4,4,2 and 0 respectively.
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I. INTRODUCTION
In this work we will study the behaviour of the Q·Q interaction in a nucleus as a function of the strength of the interaction. Although this is a model study it helps to make things concrete by focusing on a particular nucleus. We choose 10 Be. This nucleus is of particular interest because in a 0p space calculation with Q · Q there are some interesting degeneracies.
For example, the 2 configurations. These degeneracies can easily be found by applying the SU(3) formula:
E(λµ) =χ −4(λ 2 + µ 2 + λµ + 3(λ + µ)) + 3L(L + 1)
If we write the interaction as χQ · Q then, in the 0p space and when we change χ, the degeneracies will not be removed. All that will happen is that the energies of all states will be proportional to χ, and so the spectrum will be blown up or shrunk as χ is made larger or smaller.
What happens though if we include contributions from other major shells? The Q · Q interaction will not connect ∆N = 1 states because of parity arguments, but there will be ∆N = 2 admixtures. Indeed, the concept of an E2 effective charge is often illustrated by using a Q · Q interaction to obtain ∆N = 2 admixtures.
II. THE HAMILTONIAN AND CHOICE OF PARAMETERS
It has been shown by Bes and Sorensen [1] that if in the valence space (0p) the appropriate Q · Q interaction is −χ 0 Q · Q, then in a space which includes ∆N = 2 excitations the appropriate strength is − χ 2 Q · Q. We wish to vary the interaction, and we therefore parameterize it as
so that for t = 1 we have the standard choice of Bes and Sorensen [1] . For 10 Be, we have
The Hamiltonian we use is
We perform shell model calculations using the OXBASH shell model code [2] in the space (0p) 6 plus 2hω excitations. As mentioned in the introduction, when harmonic oscillator wave functions are used in a single major shell, the single particle terms in the above Hamiltonian are constant, so that the only part of the Hamiltonian that affects the spectra is the twobody term. The separation of energies is linear in t -the wave functions are unaffected by the choice of (positive) t.
However, when ∆N = 2 excitations are allowed, the linear terms are no longer constant, and the behaviour as a function of t is more complicated. We will now study this behaviour as a function of t in 10 Be.
A. Removal of Degeneracies
In Table I However, other 'accidental' degeneracies which were present in the small space (0p) 6 are no longer present. The J = 1 It should be pointed out that in perturbation theory, in which only the direct part of the particle-hole interaction of Q · Q is used to renormalize the interaction between two particles in the valence space, the degeneracies above would not be removed. The relevant diagram is the familiar Bertsch-Kuo-Brown bubble (or phonon) exchange between two nucleons [3, 4] .
For a simple Q · Q interaction, this diagram simply renormalizes the strength of the Q · Q interaction. Clearly, changing the strength in the valence space will not remove the degeneracies. Thus, the shell model diagonalization implicitly contains effects beyond the direct bubble diagram. Furthermore, these effects are quite important.
B. Change in the Nature of the Ground State as t Increases
We now vary t over the range 0 < t < 2. In Fig. 1 we plot as a dot-dash curve the value of E/t for the lowest 2 + state, the one with finite but small B(E2) strength from ground.
We also plot E/t as a solid line for the state with the strongest B(E2) from ground. It starts off at t = 1 as the second 2 + state. In the 0p space, the 2 + 1 and 2 + 2 states would be degenerate, and the curve for E/t vs. t would be a horizontal line. However, in the 0p + 2hω
space there is a dependence on t (and more so for the solid curve).
But, for t ≈ 1.8 and beyond, all the B(E2) strength from ground state goes to the new lowest 2 + state. Furthermore, the value of E/t becomes constant for t ≥ 1.8 i.e. the curve becomes horizontal. Clearly, the nature of the ground state changed beyond t = 1.7. We will now examine this change in more detail. The calculated static quadrupole moments are respectively 11.56 ef m 2 and -11.46 ef m 2 .
As discussed by Fayache, Sharma and Zamick in Ref. [5] , this is consistent with the two 2 + states being prolate, with about the same intrinsic quadrupole moment Q 0 , but the lower state would have K = 2 and the upper one K = 0. Indeed, for K = 0 Q(2
The behaviour for t = 1.1 is maintained for t = 1.3 and 1.5, but for t = 1.7 and up to t = 1.75 there is a big drop in B(E2) 0
. The other three quantities do not change, not even -strangely enough-Q(2
Remember that for t = 1.75 we are still below the critical t for which the J = 0 
III. INTERPRETATION OF THE NEW BAND: STATES WITH INTEGER
OCCUPANCIES
In Fig. 2 we plot the rapid descent of the J = 0 + and 2 + members of the new rotational band. We start from t = 1, but if we project backward we see that for small t the band emanates from the 2hω region. To better ascertain the nature of the new band, we give in Table III the occupancies of the single-particle levels that were used in this calculation i.e.
0s, 0p, 1s − 0d and 1p − 0f .
At t = 1.7, just before the critical value, the J = 0 + ground state is normal. The What is at first surprising is that, for this state, the occupancies are precisely integers. This is not an isolated example. It is also true at t = 1.7 for the second 2 + state at 4.33
MeV .
When we go to t = 1. This also explains why, as we increase t towards 1.76, the descent of the new band is so simple. Since there is no mixing with the other configurations, the 2p − 2h J = 0 + and 2 + states can just slip down below the (0p) 6 states.
The rapid descent of the 2p − 2h states can be understood in terms of the Nilsson model.
To form the 2p−2h state, we take two nucleons from the 0p shell and put them in the Nilsson orbit (Nm 3 Λ) with quantum numbers (220). This orbit comes down rapidly in energy as the nuclear deformation is increased. The Nilsson one-body deformed Hamiltonian can be obtained from the Q · Q two-body interaction by replacing Q · Q by Q · Q where Q is the quadrupole moment of the intrinsic state.
IV. CLOSING REMARKS
In this work, we have studied the properties of the interaction −t states. We find that this band, unlike the 'normal' ground state band for t < 1.7, has integer occupancies 4, 4, 2 and 0 for 0s, 0p, 1s − 0d and 1f − 0p respectively. There is no mixing between the new 2p − 2h band and the 0p − 0h band. This is a special feature of the
On a speculative level we may argue that, for the 2p − 2h band above, we should use a value of t considerably larger than 1. We don't have enough model space to renormalize the two-body interaction in this band. Just as the interaction between the (0p) 6 states gets renormalized by the configurations in which one nucleon is excited through 2 major shells, so the interaction for the 2p − 2h state would get renormalized by allowing at least one nucleon to be excited through 2 major shells. But this would be a 4hω state which, for practical reasons, we don't have in our model space.
We can use the Q · Q interaction to place these 2p − 2h bands at the correct energies, but we will need other components of the realistic nucleon-nucleon interaction in order to mix these bands with the 0p − 0h bands. For example, we could use the dipole-dipole or octupole-octupole parts of the nucleon-nucleon interaction. Alternatively one can work directly with realistic interactions.
There has been much progress in large-basis shell model calculations in light nuclei.
For example, there is the work of W.C. Haxton and C. Johnson [6] 
